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KEYWORDS Abstract
Background: In the prospective, multicentre, randomised TARGET All Comers study, percutaneous coro-

« ACS/NSTE-ACS nary intervention (PCI) with the FIREHAWK biodegradable-polymer sirolimus-eluting stent (BP-SES) was
« drug-eluting stent non-inferior to the durable-polymer everolimus-eluting stent (DP-EES) for the primary endpoint of target
«NSTEMI lesion failure (TLF) at 12 months.

«STEMI Aims: We aimed to report the final study outcomes at 5 years.

Methods: Patients referred for PCI were randomised to receive either a BP-SES or DP-EES in a 1:1 ratio
in 10 European countries. Randomisation was stratified by centre and ST-elevation myocardial infarction

e stable angina

(STEMI) presentation, and clinical follow-up extended to 5 years. The primary endpoint was TLF (com-
posite of cardiac death, target vessel myocardial infarction [MI], or ischaemia-driven target lesion revascu-
larisation). Secondary endpoints included patient-oriented composite events (POCE; composite of all-cause
death, all ML, or any revascularisation and its components).

Results: From December 2015 to October 2016, 1,653 patients were randomly assigned to the BP-SES or
DP-EES groups, of which 93.8% completed 5-year clinical follow-up or were deceased. At 5 years, TLF
occurred in 17.1% of the BP-SES group and in 16.3% of the DP-EES group (p=0.68). POCE occurred in
34.0% of the BP-SES group and 32.7% of the DP-EES group (p=0.58). Revascularisation was the most
common POCE, occurring in 19.3% of patients receiving BP-SES and 19.2% receiving DP-EES, of which
less than one-third was ischaemia-driven target lesion-related. In the landmark analysis, there were no dif-
ferences in the rates of TLF and POCE between groups from 1 to 5 years, and these results were consistent
across all subgroups.

Conclusions: In an all-comers population requiring stent implantation for myocardial ischaemia, the
BP-SES was non-inferior to the DP-EES for the primary endpoint of TLF at 12 months, and results were
sustained at 5 years, confirming the long-term safety and efficacy of the FIREHAWK BP-SES.

*Corresponding author: Yale Cardiovascular Research Group, Yale University School of Medicine, 135 College Street, Suite 101,
New Haven, CT, USA. E-mail: alexandra.lansky@yale.edu
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Abbreviations

BP-SES Dbioresorbable-polymer sirolimus-eluting stent
CAD coronary artery disease

DES drug-eluting stent

DP-EES durable-polymer everolimus-eluting stent
POCE  patient-oriented composite events

STEMI  ST-elevation myocardial infarction

TLF target lesion failure

TVR target vessel revascularisation

Introduction

Drug-eluting stents (DES) are the standard of care in the percu-
taneous treatment of ischaemic coronary artery disease (CAD)'~.
The promises of improved safety and efficacy of DES with bio-
degradable- compared to durable-polymer coatings have not born
out in the short term. Failure of durable-polymer DES occurs over
time and has been characterised by delayed vessel healing, neoath-
erosclerosis formation, and associated late repeat revascularisation
and late and very late stent thrombosis®®. Whether modifying the
drug/biodegradable-polymer kinetics of a DES can improve clini-
cal outcomes in the long term is controversial®®.

The FIREHAWK stent (MicroPort) is a thin-strut cobalt-chro-
mium platform with a biodegradable, sirolimus-eluting polymer
(BP-SES) that is applied to recessed grooves on the stent surface
to minimise the inflammatory vascular response!®'*. The TARGET
All Comers (TARGET-AC) study confirmed the safety and effi-
cacy of this low-dose BP-SES by demonstrating non-inferiority for
the primary endpoint of target lesion failure (TLF) at 12 months
compared with the benchmark durable-polymer XIENCE everoli-
mus-eluting stent (DP-EES; Abbott) in a randomised all-comers
patient population'. The long-term results for this BP-SES com-
pared to the DP-EES are not known. In addition, non-target lesion-
related events in patients with CAD continue to accrue over time
but are unpredictable and poorly defined in an all-comers popula-
tion. We report target- and non-target-related outcomes at 5 years
in the TARGET All Comers trial.

Editorial, see page 792

Methods

STUDY DESIGN AND PATIENT POPULATION

TARGET All Comers is a prospective, multicentre, open-label,
randomised trial conducted at 21 centres in 10 European countries
(Supplementary Table 1). The trial design and 1-year outcomes
were reported previously'. In brief, patients referred for percu-
taneous coronary intervention (PCI) were eligible if they had at
least 1 epicardial coronary artery target lesion of >50% diameter
stenosis in a vessel >2.25 mm and <4.0 mm in diameter by vis-
ual estimation. The study was broadly inclusive to reflect routine
clinical practice, without restrictions on the total number of treated
lesions or vessels, lesion length, number of stents implanted, or the
patient’s clinical presentation'®. The ethics committee of each par-
ticipating centre approved the protocol, and all patients provided
informed consent. Data were monitored, collected, validated, and
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analysed by Cardialysis (Rotterdam, the Netherlands). The execu-
tive committee together with the sponsor designed the TARGET
All Comers clinical trial.

RANDOMISATION AND MASKING

Patients meeting the entry criteria were randomly assigned 1:1
in an open-label manner to receive the BP-SES or the DP-EES.
Randomisation was stratified by clinical site and ST-elevation myo-
cardial infarction (STEMI) presentation. Patients were followed up at
12 months for the primary endpoint and annually thereafter until all
patients had completed a 5-year visit. Treatment assignment was avail-
able to treating physicians and patients; the clinical event committee
remained blinded to the allocated stent type throughout the study.

PROCEDURES
The FIREHAWK DES is a balloon-expandable, L605 cobalt-
chromium stent with a strut thickness of 86 pum and cell area
of 473 mm? for the 3.5 mm stent. Recessed abluminal grooves
contain a D,L-polylactic acid biodegradable polymer of 10-um
thickness, providing controlled release of the antiproliferative
drug, sirolimus, at a density of 0.3 pg/mm?, with 90% released
by 90 days. The polymer biodegrades within 6-9 months, leav-
ing a permanent bare metal stent implant. The everolimus-eluting
durable-polymer XIENCE stent, used as the control, is a laser-
cut cobalt-chromium stent with a strut thickness of 81 pm, coated
with a 7.7-pum durable fluoride-hexafluoropropylene polymer. The
everolimus drug density is 1 pg/mm? and is released by 120 days.
Stent implantation was performed according to the manufactur-
er’s instruction for use and based on local standard practice. The
same DES platform was used for all treated lesions for a given
patient, based on the randomised assignment. Dual antiplate-
let therapy was recommended according to current guidelines'®.
Patients were followed up at 1, 6, and 12 months and annually up
to 5 years for adverse events.

OUTCOMES

The primary endpoint of the trial was the device-oriented outcome
of TLF — a composite of cardiovascular death, target vessel myo-
cardial infarction, or ischaemia-driven (ID) target lesion revas-
cularisation (TLR). Secondary endpoints included components
of the primary endpoint and patient-oriented composite events
(POCE) — a composite of all-cause death, all myocardial infarc-
tion, or any revascularisation. Other secondary endpoints included
all-cause death, target vessel revascularisation (TVR), periproce-
dural myocardial infarction (MI) defined by the extended World
Health Organization definition'’, spontaneous MI defined by the
third universal definition'$, and stent thrombosis defined by the
Academic Research Consortium at all timepoints'. An independ-
ent clinical event committee (Baim Institute for Clinical Research,
Boston, MA, USA) adjudicated all protocol-defined endpoints. An
independent angiographic core laboratory (China Cardiovascular
Research Foundation, Beijing, China) reviewed all baseline and
procedural angiograms.
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STATISTICAL ANALYSIS

TARGET-AC was designed to demonstrate the non-inferiority of
the FIREHAWK stent for the primary endpoint TLF at 12 months.
Details of the statistical assumptions and results have been reported
previously'>. We have reported all secondary endpoints at 5 years
in the intention-to-treat population. Prespecified subgroups for the
primary endpoint of TLF, extended to 5 years, included age (=65
vs <65 years), sex, patients with diabetes, ST-segment elevation
MI, small vessels (<3.0 mm), multivessel treatment, long lesions
(>15 mm), in-stent restenosis, total coronary occlusion >72 hours,
left main treatment, bifurcation treatment, and overlapping stents.
Categorical variables are reported as counts and percentages.
Categorical variables with more than 2 categories were assessed
by the Mantel-Haenszel rank score test, and dichotomous variables
were assessed by Fisher’s exact test. Continuous variables are pre-
sented as mean+standard deviation and were compared with t-tests.
Kaplan-Meier methods were used to calculate the time-to-event out-
comes, and the log-rank test was used to compare between-group
differences. Kaplan-Meier estimates censored incomplete data at
the last date of available follow-up, assuming complete reporting of
all events up to that date and unknown event status after that date.
Landmark analyses at 1 year were performed for TLF and POCE
and their components. Cox proportional hazards analyses were used
to calculate hazard ratios with 95% confidence intervals (CI) and
p-values. Unless otherwise specified, a 2-sided p-value<0.05 was
considered to indicate statistical significance. Multivariable analy-
sis was performed to identify predictors of TLF and POCE at
5 years, evaluating the following baseline characteristics: age, sex,
acute coronary syndrome presentation, diabetes mellitus, hyperten-
sion, hypercholesterolaemia, prior MI or PCI, chronic kidney dis-
ease, multivessel treatment, number of lesions treated, and lesion
length and complexity. All statistical analyses were performed
using SAS version 9.3 (SAS Institute). This trial was registered at
ClinicalTrials.gov: NCT02520180.

ROLE OF THE FUNDING SOURCE

The sponsor of the study had no role in data collection, data analy-
sis, data interpretation, writing the manuscript, or the decision to
submit the manuscript for publication. The executive committee
members had full access to the data in the study and had the final
responsibility for the submission for publication.

Results

From December 2015 to October 2016, a total of 1,653 subjects with
2,400 lesions were randomly assigned to BP-SES (n=823 patients,
1,221 lesions) or DP-EES (n=830 patients, 1,179 lesions) implan-
tation. At 5 years 1,551/1,653 (93.8%) patients completed clinical
follow-up or had died, including 93.3% in the BP-SES group and
94.3% in the DP-EES group (Figure 1). Baseline patient charac-
teristics were matched between the groups; a total of 43.9% of
BP-SES patients and 44.4% of DP-EES patients presented with
acute coronary syndromes (Tahle 1). Lesion and procedural char-
acteristics were also matched between the groups (Table 2). At

Randomised (n=1,653)

|

FIREHAWK BP-SES
(n=823)

!

l

XIENCE DP-EES
(n=830)

Visit performed: n=772
Death: n=19
Follow-up: 96%

l

1-year follow-up

L

Visit performed: n=780
Death: n=17
Follow-up: 96%

Visit performed: n=741
Death: n=34
Follow-up: 94%

!

2-year follow-up

!

Visit performed: n=762
Death: n=27
Follow-up: 95%

Visit performed: n=718
Death: n=49
Follow-up: 93%

|

3-year follow-up

|

Visit performed: n=737
Death: n=44
Follow-up: 94%

Visit performed: n=704
Death: n=69
Follow-up: 94%

|

A-year follow-up

|

Visit performed: n=715
Death: n=64
Follow-up: 94%

Visit performed: n=685
Death: n=83
Follow-up: 93%

!

5-year follow-up

Visit performed: n=694
Death: n=89
Follow-up: 94%

Figure 1. Patient flow according to the CONSORT statement.
BP-SES. biodegradable-polymer sirolimus-eluting stent,
DP-EES: durable-polymer everolimus-eluting stent

5 years, TLF occurred in 133/777 (17.1%) patients in the BP-SES
group and 129/790 (16.3%) patients in the DP-EES group (differ-
ence 0.8%, 95% CI: —2.9% to 4.5%). For BP-SES versus DP-EES
in the intention-to-treat population, cardiac death (4.0% vs 4.2%);
difference —0.2%; 95% CI: —2.1% to 1.8%; p=0.85), target vessel
myocardial infarction (10.6% vs 10.3%; difference 0.3%, 95% CI:
—2.7% to 3.3%; p=0.85), ischaemia-driven TLR (6.0% vs 6.5%;
difference —0.4%; 95% CI: —2.8% to 2.0%; p=0.74), definite and
probable stent thrombosis (2.8% vs 3.0%; difference —0.2%, 95%
CIL: —1.9% to 1.5%; p=0.81) and other secondary outcome meas-
ures were similar between groups (Table 3, Figure 2).

At 5 years, the patient-oriented composite events had occurred
in 264/777 (34.0%) patients in the BP-SES group and 258/790
(32.7%) patients in the DP-EES group (difference 1.3%, 95% CI:
—3.3% to 6.0%; p=0.58). For BP-SES versus DP-EES in the inten-
tion-to-treat population, the occurrence of all-cause death (10.7%
vs 11.1%; difference —0.5%, 95% CI: —=3.5% to 2.6%; p=0.77),
any myocardial infarction (14.8% vs 13.9%; difference 0.9%, 95%
CIL: —2.6% to 4.3%; p=0.62), and any revascularisation (19.3% vs
19.2%; difference 0.1%, 95% CI: —3.8% to 4.0%; p=0.97) were
similar between groups (Figure 3).

For BP-SES versus DP-EES, non-target vessel-related MI (5.4%
vs 4.6%; difference 0.8%, 95% CI: —1.3% to 3.0%; p=0.44), and
non-target vessel revascularisation (12.1% vs 11.1%; difference
1.0%, 95% CI: —2.2% to 4.1%; p=0.55) accounted for half of the
recurrent events in this population (Table 3). Any revascularisation



Table 1. Baseline characteristics in the intention-to-treat
population.

BP-SES DP-EES

Characteristics n=823 n=830
patients patients
Age, years 64.9+9.8 65.3x10.5
Male 78.1 76.4
Smoker (current/previous) 59.5 64.2
Diabetes mellitus 24.0 23.1
Non-insulin dependent 15.2 14.5
Insulin dependent 8.8 8.6
Hypertension 59.9 62.5
Hypercholesterolaemia 53.0 51.2
Family history of CAD 42.8 43.4
Previous M| 21.7 24.8
Previous PCI 28.7 31.6
Previous CABG 8.4 7.5
Previous neurological events 8.1 7.7
Renal insufficiency (site reported) 5.5 7.0
Peripheral arterial disease 5.4 5.7
Clinical presentation
Stable angina 46.7 46.1
Silent ischaemia 9.4 9.5
Unstable angina 12.8 15.7
NSTEMI 22.7 19.8
STEMI 8.4 8.9
Lesions treated per patient
Number of lesions per patient 1.5+0.8 1.4+0.7
Range (min-max) 1-6 1-5
Number of stents per patient 1.7+£1.0 1.7«£1.0
Range (min-max) 0-8 0-8
Number of vessels per patient 1.2+0.5 1.2+0.5
Range (min-max) 1-4 1-3
Multiple vessels treated 21.6 18.6

Values are meanzstandard deviation, range (min-max), or %.

BP-SES: biodegradable-polymer sirolimus-eluting stent; CABG: coronary
artery bypass grafting; CAD: coronary artery disease; DP-EES: durable-
polymer everolimus-eluting stent; MI: myocardial infarction;

NSTEMI: non-ST-segment elevation myocardial infarction;

PCI: percutaneous coronary intervention; STEMI: ST-segment elevation
myocardial infarction

(19%) was the most common POCE, two-thirds of which were non-
target lesion-related (Table 3, Figure 3). The annual rate of accrual
from 0-1,825 days for TLF was 3.5% and for POCE was 6.6% for
BP-SES and 3.2% and 6.4% for DP-EES, respectively, and these
were similar between groups. Guideline-recommended medications
from 12 to 60 months are presented in Supplementary Table 2.

In the landmark analysis, there were no differences in overall TLF
or POCE rates within the first year or beyond (Central illustration)
or for any of the components of TLF or definite or probable stent
thrombosis (Supplementary Figure 1). There were no differences in
the 5-year TLF or POCE rates in any of the prespecified subgroups

TARGET All Comers trial: 5-year outcomes

(Figure 4, Supplementary Figure 2). In multivariable analyses, the
predictors of TLF at 5 years included diabetes (odds ratio [OR] 1.9,
95% CI: 1.38 to 2.62; p<0.0001) and age (OR 1.02, 95% CI: 1.00
to 1.04; p<0.0001), and the predictors of POCE at 5 years included
diabetes (OR 1.7, 95% CI: 1.27 to 2.18; p=0.0002), prior PCI (OR
1.49, 95% CI: 1.14 to 1.96; p=0.004), male sex (OR 1.48, 95% CI:
1.11 to 1.99; p=0.008), and age (OR 1.03, 95% CI: 1.01 to 1.04;
p=0.0001). Acute coronary syndrome presentation or treatment of
complex lesions, multivessel disease, left main disease, and left ante-

rior descending artery disease were not predictive of future events.

Discussion

This large-scale, prospective, multicentre, randomised, all-com-
ers PCI trial demonstrates several important findings. First, the
FIREHAWK BP-SES was confirmed to be as safe and effective
as the control XIENCE DP-EES for up to 5 years of follow-up
across all tested subgroups. Second, in landmark analyses, TLF
and POCE rates were similar up to 1 year and beyond, showing
a lack of clinical event differentiation from the bioresorbable-
compared with the durable-polymer DES. Finally, 1 in 3 patients
had a recurrent event at 5 years, of which two-thirds were non-tar-
get lesion-related, calling for improved prediction and prevention
of subsequent non-target-related events in this population.

TARGET-AC confirms that up to 5 years, the FIREHAWK
BP-SES is as safe and effective as the well-established DP-EES in
an all-comers population, as suggested in prior studies''*?°. Based
on the broadly inclusive TARGET-AC population, these results
can reliably be generalised to the full spectrum of patients with
acute and chronic coronary syndromes and lesion interventions
encountered in routine contemporary clinical practice.

While the BP-SES demonstrated outstanding and compara-
ble outcomes to the benchmarked control DP-EES, the landmark
analysis of TARGET-AC (although not powered to do so) failed
to demonstrate any clinical benefit of the BP-SES compared with
the DP-EES. This suggests that the reduction in long-term inflam-
matory response observed in histological series with BP-DES?!-2
is not sufficient to overcome other patient-, lesion- and DES
implant-related aspects that contribute to recurrent events at the
target lesion. By breaking down the polymer to biostable water
and carbon dioxide after antiproliferative drug delivery, BP-DES
were anticipated to reduce the =2-3% annual accrual of target
lesion-related clinical events observed with second-generation
DP-DES?; however, the annual TLF accrual rates in TARGET-AC
up to 5 years are consistent with prior reports (3.5% for BP-SES
and 3.2% for DP-EES). This suggests that other biological and
DES-related factors, such as strut thickness rather than polymer
alone, are stronger contributors to target site stent failure.

Long-term results for BP-DES compared with DP-DES have
been controversial. A clinical benefit of BP-DES has been sug-
gested in some large-scale pooled analyses of all-comer patients®
and in acute coronary syndromes?, whereas an absence of ben-
efit has been demonstrated in large-scale randomised trials®** and
in other meta-analyses?. TARGET-AC contributes to the growing

-
c
S
o
=
=
@
2
<
@
=
=2
o
-
N
o
)
@
2
©
(W
©
IS
ES
o
")
o
a




Table 2. Angiographic and procedural characteristics.

|
£
o
=
)
= BP-SES DP-EES
= n=1,221 lesions n=1,179 lesions
,3 Target vessel location*
§ Left anterior descending 453 (42.2) 463 (43.8) 0.46
@ Left circumflex 272 (25.3) 269 (25.4) 0.96
> Right 313 (29.1) 288 (27.2) 0.32
f Left main 19 (1.8) 18 (1.7) 0.90
& Bypass graft 17 (1.6) 20(1.9) 0.59
“ ACC/AHA lesion class* 0.80
A 24 (2.2) 30 (2.8)
Bl 157 (14.6) 155 (14.7)
B2 432 (40.2) 432 (40.8)
( 461 (42.9) 441 (41.7)
Total occlusion (TIMI 0/1) 102 (9.5) 86 (8.1) 0.27
Calcification (moderate/severe) 65 (6.1) 65 (6.2) 0.41
Thrombus 25(2.3) 18 (1.7) 0.30
In-stent restenosis 47 (3.9) 55 (4.7) 0.47
Bifurcation 359 (33.4) 344 (32.5) 0.65
Bifurcation side branch treatment
Side branch stent 79 (22.5) 73(21.7)
Side branch balloon only 23 (6.6) 22 (6.5)
Stent implantation characteristics
Number of stents per lesion 1.1+0.5 1.2+0.6 0.10
Range (min-max) 0-6 0-4
Stent length per lesion, mm 26.7+15.3 27.1£16.9 0.46
Range (min-max) 8-149 8-134
Stent diameter, mm 3.07+0.47 3.07+0.50 0.88
Baseline QCA results*
Reference diameter, mm 2.77+0.49 2.77+0.52 0.77
Minimal lumen diameter, mm 0.78+0.47 0.79+0.48 0.83
Percentage diameter stenosis, % 71.7+15.9 71.5+16.1 0.76
Lesion length, mm 19.0+11.8 18.8+12.4 0.76
Final QCA results
In-stent MLD, mm 2.56+0.45 2.55+0.47 0.54
In-stent percentage diameter stenosis, % 7.4+6.9 7.6+6.5 0.54
In-stent acute gain, mm 1.77+0.55 1.76+0.57 0.50
Segment MLD, mm 2.23+0.49 2.24+0.51 0.64
Segment percentage diameter stenosis, % 16.2+11.5 15.7+10.7 0.31
Segment acute gain, mm 1.45+0.57 1.45+0.59 0.82
Values are n (%), mean+SD or range (min-max). *Results reported are based on angiographic core laboratory analysis.
ACC: American College of Cardiology; AHA: American Heart Association; BP-SES: biodegradable-polymer sirolimus-eluting stent; DP-EES: durable-
polymer everolimus-eluting stent; MLD: minimal lumen diameter; QCA: quantitative coronary angiography; SD: standard deviation; TIMI: Thrombolysis
in Myocardial Infarction

number of trials that demonstrate no differentiation in clinical out-
comes based on polymer when newer-generation coronary stents
are compared. One notable exception is the ultrathin 60-um strut
BP-DES (Orsiro; BIOTRONIK) evaluated in the BIOFLOW-V
trial, which demonstrated a reduced rate of TLF at 3 years com-
pared with the DP-EES (8.2% vs 13.6%; p=0.0002) and lower
rates of target vessel MI (5.0% vs 9.2%; p=0.0003), clinically

driven TLR (3.2% vs 6.7%; p=0.006), and definite and probable
stent thrombosis (0.1% vs 1.2%; p=0.018)*". At 5 years, the dif-
ference in TLF rates (12.3% Orsiro vs 15.3% XIENCE; p=0.108)
was no longer significant, although the difference in the inci-
dence of target vessel MI (6.6% vs 10.3%; p=0.015) remained
significant®. These benefits suggest that beyond the biodegrad-
able polymer, lower strut thickness has an important role in



Table 3. Clinical outcomes at 5 years after stent implantation (intention-to-treat population).

BP-SES

n=823 patients

DP-EES
n=830 patients

TARGET All Comers trial: 5-year outcomes

Percentage

difference
(95% CI)

Primary outcome
Target lesion failure 17.1(133/777) 16.3 (129/790) 0.8 [-2.9, 4.5] 0.68
Components of primary outcome
Cardiac death 4.0 (31/777) 4.2 (33/790) -0.2[-2.1, 1.8] 0.85
Target vessel Ml 10.6 (82/777) 10.3 (81/790) 0.3[-2.7,3.3] 0.85
Ischaemia-driven TLR 6.0 (47/777) 6.5 (51/790) -0.41-2.8, 2.0] 0.74
Secondary outcomes
POCE 34.0 (264/777) 32.7 (258/790) 1.3[-3.3, 6.0] 0.58
Target vessel failure 19.4 (151/777) 18.2 (144/790) 1.2[-2.7,5.1] 0.54
Cardiac death and Ml 17.5(136/777) 16.8 (133/790) 0.7 [-3.1, 4.4] 0.73
Any death 10.7 (83/777) 11.1 (88/790) -0.5[-3.5, 2.6] 0.77
Cardiac death 4.0 (31/777) 4.2 (33/790) -0.2[-2.1, 1.8] 0.85
Any MI 14.8 (115/777) 13.9 (110/790) 0.9[-2.6, 4.3] 0.62
Q wave 1.2 (9/777) 2.5 (20/790) -1.4[-2.7,0.0] 0.044
Non-Q wave 13.8 (107/777) 12.0 (95/790) 1.7 [-1.6, 5.1] 0.30
Target vessel Ml 10.6 (82/777) 10.3 (81/790) 0.3% [-2.7, 3.3] 0.85
Q wave 0.9(7/777) 1.5 (12/790) -0.6[-1.7, 0.5] 0.26
Non-Q wave 9.8 (76/777) 8.7 (69/790) 1.0[-1.8, 3.9] 0.47
Non-target vessel Ml 5.4 (42/777) 4.6 (36/790) 0.8[-1.3, 3.0] 0.44
Q wave 0.3 (2/777) 1.0 (8/790) -0.8 [-1.5, 0.0] 0.11
Non-Q wave 5.1 (40/777) 3.7 (29/790) 1.5% [-0.6, 3.5] 0.15
Any revascularisation 19.3 (150/777) 19.2 (152/790) 0.1% [-3.8, 4.0] 0.97
Target lesion revascularisation 7.6 (59/777) 7.7 (61/790) -0.1[-2.8, 2.5] 0.92
Ischaemia-driven 6.0 (47/777) 6.5 (51/790) -0.4 [-2.8, 2.0] 0.74
Non-ischaemia-driven 2.2(17/777) 2.0 (16/790) 0.2[-1.3,1.6] 0.82
Target vessel revascularisation 11.8 (92/777) 11.1 (88/790) 0.7 [-2.5, 3.9] 0.66
Ischaemia-driven 9.8 (76/777) 9.2 (73/790) 0.5[-2.4, 3.4] 0.72
Non-ischaemia-driven 3.7 (29/777) 3.4 (27/790) 0.3[-1.5,2.2] 0.74
Non-target vessel revascularisation 12.1 (94/777) 11.1 (88/790) 1.0[-2.2, 4.1] 0.55
Thrombosis endpoints
Definite stent thrombosis 2.6 (20/777) 2.9 (23/790) -0.3[-2.0, 1.3] 0.68
Acute (0-30 days) 0.5 (4/777) 0.9 (7/790) -0.4[-1.2,0.5] 0.38
Late (31-365 days) 0.8 (6/777) 0.5 (4/790) 0.3 [-0.5, 1.1] 0.54
Very late (after 365 days) 1.3(10/777) 1.9 (15/790) -0.6[-1.9, 0.6] 0.33
Definite/probable stent thrombosis 2.8 (22/777) 3.0 (24/790) -0.2[-1.9, 1.5] 0.81
Acute (0-30 days) 0.6 (5/777) 1.0 (8/790) -0.4[-1.3,0.5] 0.42
Late (31-360 days) 0.8 (6/777) 0.5 (4/790) 0.3[-0.5, 1.1] 0.54
Very late (after 365 days) 1.4(11/777) 1.9 (15/790) -0.5[-1.7,0.8] 0.45
Values are % (n/N). BP-SES: biodegradable-polymer sirolimus-eluting stent; Cl: confidence interval; DP-EES: durable-polymer everolimus-eluting stent;
MACE: major adverse cardiac events (any death, any MI, ischaemia-driven target vessel revascularisation); MI: myocardial infarction; POCE: patient-
oriented composite endpoints; TLR: target lesion revascularisation

reducing target lesion-related events in the near and longer term.
The BIOSCIENCE randomised trial, evaluating the same ultrathin
BP-SES as in BIOFLOW-V, demonstrated higher all-cause mortal-
ity related to a higher rate of cancer deaths for the investigational
BP-SES compared with the DP-EES®. This finding raised specu-
lative concern about the stent design and drug dose as possible
explanations; however, TARGET-AC did not show any difference
in all-cause or cardiac mortality between treatment groups. Lastly,
while the antiproliferative drug was different between the BP-DES

(sirolimus) and DP-DES (everolimus), these have not previously
demonstrated differences in DES treatment effects.

While much of the focus of comparative DES trials is on device-
specific target lesion-related outcomes, overall long-term POCE
results warrant attention. One-third of patients in our all-comers
study had recurrent events at 5 years, including 11% all-cause death,
17% cardiac death or MI, and 19% revascularisation, with non-car-
diac death rates accruing the longer the follow-up time frame®.
These rates are in line with previously reported all-comer trials
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Figure 2. Time-to-event curves for the primary endpoint (target lesion failure) and the individual components of the primary endpoint up to

5 years of follow-up. A) Target lesion failure (composite of cardiac death, target vessel myocardial infarction [MI], or ischaemia-driven target
lesion revascularisation [TLR]). B) Cardiac death. C) Target vessel MI (spontaneous MI according to the Third Universal Definition,
periprocedural MI according to the World Health Organization Extended Definition). D) Ischaemia-driven TLR. BP-SES: biodegradable-
polymer sirolimus-eluting stent; CI: confidence interval; DP-EES: durable-polymer everolimus-eluting stent; HR: hazard ratio

at 5 years®** and represent a 6.5% annual accrual rate of major
adverse events. The observed rates and difference between all-cause
death (11%) and cardiac death (4%) in the present study appear to
be representative of all-comers populations reported in other ran-
domised trials and warrants a better understanding of preventable
triggers, such as those related to stent thrombosis, dual antiplatelet
therapy non-adherence, and inadequate guideline-directed medical
therapy, in addition to a focus on non-cardiac causes*.
Differentiating whether POCE events are target lesion-related
or not is readily assessable for revascularisation but not reliably

accomplished for the safety endpoints of cardiac death and MI. Two
out of every 3 repeat revascularisations were not related to the tar-
get lesion (11.5% non-target vessel and 6.5% target vessel but non-
target lesion-related) (Supplementary Figure 3), emphasising the
aggressive nature of disease progression in this population. Detailed
non-target lesion assessment by invasive physiology and an imaging
or angiographic core laboratory was not recorded in our study. As
the majority of patients treated in TARGET-AC had single-lesion
and single-vessel treatment, it is possible that residual ischaemic

lesions were not revascularised and may account for the non-target
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Figure 3. Patient-oriented composite events up to 5 years of follow-up. A) Patient-oriented composite events. B) All-cause death. C) All
myocardial infarction (M) (spontaneous MI according to Third Universal Definition, periprocedural MI according to World Health
Organization Extended Definition). D) All revascularisation. BP-SES: biodegradable-polymer sirolimus-eluting stent; CI: confidence interval;

DP-EES: durable-polymer everolimus-eluting stent; HR: hazard ratio

revascularisation rates observed over time. Not surprisingly, diabe-
tes was the strongest predictor of both TLF and POCE at 5 years.
Compliance with guideline-directed medical therapy in our
patient population was suboptimal at 5 years, with only 18.5%
of patients on a P2Y, inhibitor, despite the known benefits and
reduced ischaemic events with extended therapy that must be bal-
anced against the risk of bleeding®*~*. Furthermore, 30% of patients
were not on statin therapy, 45% were not on angiotensin-convert-
ing enzyme inhibitor or angiotensin-receptor blocker therapy, and
47% were not on beta-blocker therapy at 5-year follow-up. Since

trial monitoring of medication probably represents the best possi-
ble values, methods to improve prescription and compliance with
guideline-directed medical therapy are needed in daily practice to
reduce morbidity and mortality in unselected patients with coro-
nary artery disease.

Limitations

This randomised, open-label, clinical trial was designed to dem-
onstrate the non-inferiority of the FIREHAWK stent for TLF
at 12 months and was not powered to detect between-group
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Figure 4. Subgroup analysis for target lesion failure at 5 years. ACS: acute coronary syndromes; BP-SES. biodegradable-polymer sirolimus-

eluting stent; CI: confidence interval; DP-EES: durable-polymer everolimus-eluting stent; HR: hazard ratio,; ISR: in-stent restenosis;
NSTEMI: non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction

differences at 5 years, overall or in the landmark analysis. There
was no adjustment for multiplicity testing in our study, and the
results should be interpreted in that context. Non-target lesion
assessment by invasive physiology (fractional flow reserve,
instantaneous wave-free ratio), invasive imaging (intravascular
ultrasound, optical coherence tomography), or quantitative angi-
ography at index procedure was not recorded; these would have
provided important insights into rates of complete revascularisa-
tion and overall clinical outcomes. A 3-vessel quantitative angi-
ographic analysis is ongoing. Medical therapy was left to the

discretion of site investigators, based on local standards.

Conclusions

In an all-comers population requiring stent implantation for myo-
cardial ischaemia, the BP-SES was non-inferior to the DP-EES
based on the primary endpoint of TLF at 12 months, and results
were sustained at 5 years, confirming the long-term safety and effi-
cacy of the FIREHAWK BP-SES. One in 3 patients had POCE at
5 years, and two-thirds of the subsequent revascularisations were
not related to the target lesion. Additional measures are needed

to predict and reduce non-target lesion-related and non-cardiac
events in this all-comers population.

Impact on daily practice

In a population of patients requiring stent implantation for
myocardial ischaemia, the FIREHAWK BP-SES was non-infe-
rior to the XIENCE DP-EES for the primary endpoint of tar-
get lesion failure at 12 months, and results were sustained at
5 years, confirming the long-term safety and efficacy of the
FIREHAWK BP-SES. One in 3 patients had patient-oriented
composite events at 5 years, and 2 of 3 subsequent revasculari-
sations were not related to the target vessel. Additional meas-
ures are needed to predict and reduce non-target lesion-related
events in this high-risk population.
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Supplementary data

Supplementary Table 1. List of contributing sites and investigators.

Country Affiliations—Institutions Pl Sub-I
Austria Department of Cardiology, Medical University of Dr. Gabor-Toth-  Prof. Robert Zweiker
Graz Gayor
Belgium Cardiovascular Research Center Aalst, OLV Dr. Emanuel Prof. William Wijns, Dr De Bruyne Bernard,
Hospital, Aalst Barbato Dr Van Mieghem Carlos, Dr Vanderheyden
Marc, Dr Wyffels Eric, Prof Bartunek Jozef, Dr
Heysse Alex, Dr Van Durme Frederik
Belgium Heart Center, Imelda Ziekenhuis, Bonheiden Dr. Luc Dr P. Debruyne, Dr J. Roosen, Dr B.
Janssens Vankelecom, Dr F. Charlier, Dr B. Ector, Dr
T. Rossnebacker
Denmark Department of Cardiology, Zealand University Dr. Henning Dr Ole Havndrup, Dr Michael Ottesen, Dr Lars
Hospital, Roskilde Kelbak Kjgller-Hansen
Denmark Department of Cardiology, Rigshospitalet, Dr. Lene
Copenhagen University Hospital Holmvang,
France Service of Cardiology, Groupement de Cooperation  Dr Luc Maillard  Dr Francois Vochelet, Dr Alain Tavildari, Dr
Sanitaire — Etablissement de Santé, Clinique Marc Silvestri, Dr Jacques Billé, Dr Patrick
Axium, Aix-en-Provence Joly, Dr Nicolas Barra
Germany Contilia Heart and Vascular Centre, Elisabeth- PD Dr. Med PD Dr. Med. Olivier Bruder, PD Dr. med.
Krankenhaus Christoph K. Christoph K. Naber, Dr. med. Thomas Schmitz,
Naber Dr. Alexander Wolf
Germany Herzzentrum Leipzig Prof. Dr. Holger  Dr. Philipp Lurz, Dr. Marcus Sandri, Prof. Dr.
Thiele Sandra Erbs
Germany Medizinische Klinik I, Klinikum Firth, university Dr. Med H. Dr. Stefan Kuhls
of Erlangen Rittger
Germany Medizinische Klinik I, Herz-Thorax Zentrum, Prof. Dr. med. Dr. Margit Niethammer
Klinikum Fulda Volker
Schéchinger
Germany Klinik fur Kardiologie und Angiologie II, Dr. Valina Dr. N. Loffelhardt, Prof. W. Hochholzer, Prof.
Universitats-Herzzentrum Freiburg-Bad Krozingen F.-J. Neumann, Dr. M. Ferenc
Italy UOC Cardiologia Diagnostica ed Interventistica, Dr. Sergio Berti ~ Dr Alberto Ranieri De Caterina,
Fondazione C.N.R. Reg. Toscana G. Monasterio,
Ospedale del Cuore, Massa
The Department of Cardiology, Maasstad Ziekenhuis Dr. G. Dr KJ. Royaards, Prof. PC Smits, Dr M van der
Netherlands Vlachojannis Ent, Dr J Wassing
The Amsterdam Department of Interventional Dr Ton Dr V. Stolk
Netherlands Cardiolody, Onze Lieve VVrouwe Gasthuis Slagboom
The Department of Cardiology, Tergooi ziekenhuis, Dr. K.
Netherlands  Blaricum Arkenbout
The Department of Cardiology, VU University Medical  Dr. P. Knaapen Prof. N. van Royen, Dr JGF Bronzwaer
Netherlands Center, Amsterdam
Poland American Heart of Poland, Katowice Prof. Pawet Dr M. Kondys
Buszman
Poland Department of Invasive Cardiology, Silesian Prof. Andrzej Dr Radoslav Parma, Dr Grzegorz Smolka,
Medical University, Katowice Ochala Radoslaw Kurzelewski, Dr Aleksandra
Michalewska Wlodarczyk, Dr Sebastian
Dworowy
Spain Cardiovascular Institute, Hospital Clinic, Institut Dr. S. Brugaletta  Dr Alberto Pernigotti, Dr. Manuel Sabate, Dr
d'Investigacions Biomediques August Pi i Sunyer Carlos Robles
(IDIBAPS), Barcelona
United Bristol Heart Institute, University Hospitals Bristol ~ Dr. Tom Dr Steve DORMAN, Dr Julian STRANGE, Dr
Kingdom NHS Foundation Trust Johnson Abdul MOZID, Dr Hazim RABBI, Dr Fawaz
BARDOOLI, Dr Raveen KANDRAN, Dr
Pierre DEHARO, Dr Nitin KUMAR
United Department of Cardiology, University Hospital of Dr. Richard
Kingdom Wales, Heath Park, Cardiff Anderson



Supplementary Table 2. Medications at follow-up.

BP SES DP EES Percentage 95% Cl p-value
n=823 patients n=830 patients difference
Aspirin
12 months 84.1% (691/822) 85.3% (708/830) -1.2% -4.7%, 2.2% 0.48
24 months 81.2% (636/783) 81.3% (646/795) -0.0% -3.9%, 3.8% 0.99
36 months 80.6% (610/757) 78.8% (611/775) 1.7% -2.3%, 5.8% 0.40
48 months 78.6% (579/737) 77.0% (582/756) 1.6% -2.6%, 5.8% 0.46
60 months 76.0% (542/713) 75.1% (550/732) 0.9% -3.5%, 5.3% 0.70
Any P2Y12 receptor inhibitor
12 months 60.0% (493/822) 62.8% (521/830) -2.8% -7.5%, 1.9% 0.24
24 months 21.8% (171/783) 23.1% (184/795) -1.3% -5.4%, 2.8% 0.53
36 months 19.4% (147/757) 20.9% (162/775) -1.5% -5.5%, 2.5% 0.47
48 months 19.8% (146/737) 19.7% (149/756) 0.1% -3.9%, 4.1% 0.96
60 months 18.5% (132/713) 18.7% (137/732) -0.2% -4.2%, 3.8% 0.92
Oral anticoagulant*
12 months 11.6% (95/822) 9.9% (82/830) 1.7% -1.3%, 4.7% 0.27
24 months 13.3% (104/783) 11.3% (90/795) 2.0% -1.3%, 5.2% 0.24
36 months 13.9% (105/757) 12.5% (97/775) 1.4% -2.0%, 4.7% 0.43
48 months 14.1% (104/737) 12.7% (96/756) 1.4% -2.0%, 4.9% 0.42
60 months 13.6% (97/713) 11.2% (82/732) 2.4% -1.0%, 5.8% 0.17
Statin
12 months 75.8% (623/822) 79.5% (660/830) 3.7% -7.7%, 0.3% 0.07
24 months 75.9% (594/783) 79.1% (629/795) -3.3% -7.4%, 0.9% 0.12
36 months 74.1% (561/757) 78.5% (608/775) -4.3% -8.6%, -0.1% 0.05
48 months 72.9% (537/737) 75.3% (569/756) -2.4% -6.8%, 2.0% 0.29
60 months 70.5% (503/713) 72.5% (531/732) -2.0% -6.6%, 2.7% 0.40
ACEi or ARB
12 months 58.20 (478/822) 60.4% (501/830) -2.2% -6.9%, 2.5% 0.36
24 months 59.0% (462/783) 60.9% (484/795) -1.9% -6.7%, 3.0% 0.45
36 months 58.9% (446/757) 58.6% (454/775) 0.3% -4.6%, 5.3% 0.89
48 months 57.4% (423/737) 58.3% (441/756) -0.9% -5.9%, 4.1% 0.71
60 months 55.3% (394/713) 56.0% (410/732) -0.8% -5.9%, 4.4% 0.77
Beta-blocker
12 months 60.0% (493/822) 62.0% (515/830) -2.1% -6.8%, 2.6% 0.39
24 months 57.2% (448/783) 61.5% (489/795) -4.3% -9.1%, 0.5% 0.08
36 months 55.9% (423/757) 58.5% (453/775) -2.6% -7.5%, 2.4% 0.31
48 months 55.0% (405/737) 56.7% (429/756) -1.8% -6.8%, 3.2% 0.49
60 months 52.6% (375/713) 53.6% (392/732) -1.0% -6.1%, 4.2% 0.72

*Vitamin K and non-vitamin K antagonist. ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; BP SES:

biodegradable polymer sirolimus-eluting stent; DP EES: durable polymer everolimus-eluting stent.
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Supplementary Figure 1. Time-to-event analysis for endpoints up to 5 years with a landmark set at 1
year.

(A) Cardiac death; (B) target vessel myocardial infarction (MI) (spontaneous M1 according to Third
Universal Definition, periprocedural MI according World Health Organization Extended Definition); (C)
ischaemia-driven target lesion revascularisation; (D) definite/probable stent thrombosis. BP SES:
biodegradable polymer sirolimus-eluting stent; DP EES: durable polymer everolimus-eluting stent.
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Supplementary Figure 2. Subgroup analysis for patient-oriented composite events at 5 years.

ACS: acute coronary syndromes; BP SES: biodegradable polymer sirolimus-eluting stent; DP EES:
durable polymer everolimus-eluting stent; HR: hazard ratio; ISR: in-stent restenosis; NSTEMI: non-ST-
elevation myocardial infarction; STEMI: ST-elevation myocardial infarction.



60%
Firehawk BP SES TLR
Xience DP EES TLR
50% - — Firehawk BP SES TVR non-TL
-~ Xience DP EES TVR non-TL
— Firehawk BP SES non-TVR

c 40% .
] ~~" Xience DP EES non-TVR
=
@©
N
=
©
S5 30%
O
w
®©
>
3]
o
20%
10%
0%
0 90 180 365 730 1095 1460 1825
Days since index procedure
Firehawk BP SES TLR At risk 823 796 788 768 728 699 667 627
Event (%) 02 098 14 20 3.9 53 6.4 7.8
Xience DP EES TLR At risk 830 804 797 772 740 712 682 641
Event (%) 00 1.1 16 3.0 46 6.2 71 7.8
Firehawk BP SES TVRnon-TL At risk 823 799 792 770 733 703 673 636
Event (%) 00 05 1.0 16 3.2 47 56 6.5
Xience DP EES TVR non-TL At risk 830 807 801 778 750 726 695 651
Event (%) 00 06 1.0 21 33 43 55 6.5
Firehawk BP SES non-TVR At risk 823 784 770 742 700 666 632 599
Event (%) 00 24 36 52 7.3 9.6 1.4 123
Xience DP EES non-TVR At risk 830 804 796 761 722 693 664 618
Event (%) 01 1.0 16 42 6.8 87 9.9 1.3

Supplementary Figure 3. Time-to-event curves for revascularisation, including target lesion revascularisation, target vessel revascularisation,
non-target lesion and non-target vessel revascularisation.

BP SES: biodegradable polymer sirolimus-eluting stent; DP EES: durable polymer everolimus-eluting stent; HR: hazard ratio; TL.: target lesion;
TVR: target vessel revascularisation



